The distribution of goods in urban areas, together with private traffic flows, are among the main sources of energy consumption, air pollution and noise. As a consequence, in the 2000s, several EU cities started to implement logistical solutions for the sustainable city. In this context, this study addresses the implementation of a new eco-logistic system, which serves multiple adjacent cities by using electric vehicles to deliver goods of any type within their urban areas. This paper describes the results of a project developed in the province of Vicenza (northern Italy) and covering the main cities (Bassano del Grappa, Thiene, Schio and Valdagno) in the foothills (the so-called Pedemontana Veneta zone). The eco-logistic system aims to cover the last 50 miles of distribution (typical area of an Italian province) with a centralised platform that performs green deliveries with electric vehicles from/to the downtown areas. A preliminary and extensive "on field" analysis by means of door-to-door questionnaires was conducted to identify the performance required by the eco-logistic system. Therefore, the design of such a distribution system is performed to assess and define the conditions that make this solution profitable from both the economic and the environmental perspective.
Introduction
The aim of this paper is to propose a new urban eco-logistic model that can be applied to a set of well-connected neighbouring cities that share the objective of implementing green deliveries to urban areas. In Europe, 80% of people live in urban areas. Because of the high population density, lack of infrastructure and pollution problems, urban freight transport faces many difficulties. City logistics identify ways to regulate access, circulation and the parking of commercial vehicles in urban centres and to implement policies without restrictions that harm economic and social prosperity and are conducive to relocation of economic activities and population [1] . Such logistical activities are necessary for the harmonious growth of every urban area, even if they are also the main cause of pollution, noise and accidents. The "urban diseases" besetting modern cities are traffic congestion and environmental pollution [2] . As highlighted in [3] , the rapid development of the demand for urban transportation has a negative impact on urban surroundings and on the environment. The situation is worsening with the increase of new trends in supply chain management (e.g., just-in-time delivery, fragmentation of loads), with small parcels often carried by "empty" vehicles [4] . A recent study of EU countries shows that in 60% of cities, there are significant difficulties in terms of urban logistics management; 55% of vehicle emissions are caused by goods distribution and 40% of these goods is delivered to city centres [3] .
With regard to city logistics, four groups of key players can be identified [5] :
• retailers (shops, economic activities, etc.);
• carriers and warehouse companies;
• residents (inhabitants);
• administrators (at national, regional and local levels).
All of them pursue different goals and have different points of view. Authorities and residents have the same problems (logistical externalities): crashes, traffic congestion, noise, air pollution, vibrations, etc. caused by trucks and small delivery vehicles, worsening both quality of life and the urban environment. On the other hand, carriers have to deliver/receive goods at the right time/quantity/quality and as cheaply as possible to maximise their profits. Moreover, they need to show their own brand (on circulating vehicles), advertising their presence to customers and often neglecting the related externalities. Finally, retailers demand improved logistical services in terms of city accessibility, on-time deliveries, storage and handling solutions.
These different demands make sustainability in urban logistics a challenging target. The sustainability concept can be illustrated by the following question: how can a certain piece of freight be transported, in the most efficient and environmentally friendly mode, travelling the shortest distance and without loss of time from its origin to its destination at the urban area at minimal cost, using minimal land and causing minimal pollution [6] ? From an economic perspective, an activity is sustainable when all its related costs are covered by the incomes that it generates. From an environmental perspective, an activity is sustainable when it is harmonised, without negative effects or risks for the environment. Sustainable logistics, especially that focused on product distribution, is a research area developed since the 1990s [7] , and terms like eco-logistics are increasingly used to define a sustainable environmental logistics [8] . In the field of eco-logistics, several topics have been developed and studied: closed loop supply chain and reverse logistic models [9, 10] and methodologies to reduce vehicle use [11] and/or to promote the use of clean vehicles [4] . Sustainable urban logistics, i.e., the application of sustainable methodologies to urban logistics, is a new research area. The imbalance between supply and demand in the urban transport system is becoming evident, especially because of the lack of land resources and environmental capacity. These circumstances further increase urban traffic, reducing average vehicle speed, increasing accident numbers and pollution [12] . The reduction of carbon dioxide emissions is one of the most pursued targets in eco-logistics. According to the Transport, Energy and Carbon Dioxide: Towards Sustainable Development report of the International Energy Agency (2009), freight transportation causes about 25% of the total carbon dioxide emission [13] , and it is mandatory to reduce this negative effect on urban areas [14] by reducing the number of vehicles and adopting a sustainable transportation model.
In the 2000s, several European cities tried to implement eco-logistic solutions to supply the economic activities located within their areas. Table 1 reports the main results of this approach. A common result (or solution) is the outsourcing of the last mile delivery from traditional carriers to a third party. All European projects are limited to a single urban area. For this reason, these projects can be defined as "last mile sustainable single city eco-logistic solutions." This type of urban logistic model presents several benefits: -a reduction of the traffic congestion as an effect of the reduction of circulating vehicles; -a general reduction of the noise level, pollution and vibrations; -a decrease in the number of deliveries per retailer (maintaining the goods required quantities); -an increase of efficiency in transportation (a unique point, i.e., the transportation hub, serves all the retailers).
On the other hand, the main limitations are the following:
-each city has a dedicated transportation hub demonstrating that the applicability of the solution is limited to medium-large cities; -the position of the transportation hub near the city centre can have a negative effect on traffic congestion, pollutant gas emissions and noise in urban areas; -all the involved actors (retailers, carriers, residents, administrators) can maximise their advantage only if they adopt a cooperative strategy. The state of the art, however, is that freight companies are typically not available to collaborate and to outsource the last mile delivery to a third party for many reasons: the revenues are limited (the city centre area is narrow), their brand is not visible to the final retailers, they cannot perform door-to-door selling.
The final result is that (e.g., in the city of Vicenza) the application of sustainable urban logistics is possible only thanks to mandatory legislation promulgated by the local authorities.
This study proposes a new eco-logistic solution derived for similarity from the "last mile sustainable single city eco-logistic solutions" reported in Table 1 but with some specific differences like a two-stage distribution network and a multi-city system. The novelty of this study is a significant level of new insights into the sustainable urban logistics in the case of (even very) small cities. In Italy, and also in the rest of the Europe, the most common situation is fragmented urban areas with a high number of nearby small city centres. As a result, finding an innovative sustainable urban logistic model that can be applied in these contexts is a challenging issue. This model is able to integrate the distribution of goods in a cluster of linked small cities located in the same area, where a considerable last part of the transportation (i.e., the last 50 miles) is outsourced to a single centralised subject that performs green deliveries to urban areas. The basic hypothesis of our study is that in the considered area a certain number of well-connected neighbouring cities exist and share the objective of implementing a common last 50 miles eco-logistic system. The distance of 50 miles is in accordance with the typical dimension of an Italian province.
This solution overcomes the previously cited limitations and offers several benefits:
• a single transportation hub serving more than one city can be located far from urban areas;
• the possibility of collecting the deliveries sent to a large area (i.e., more than 2000 km 2 in the presented case study) in a single transportation hub represents a great savings (in terms of time and cost) for the freight companies;
• implementation of a simpler reverse logistics focused on the recycling of packages and wastes (the Eco Logistic Hub (ELH) collects the recyclable wastes).
The limitations of the proposed urban logistic model have been discussed in the conclusion section.
The area selected for this study and described in the last part of the paper is located in the province of Vicenza (northern Italy), covering its main cities (Bassano del Grappa, Thiene, Schio and Valdagno) in the foothills (the so-called Pedemontana Veneta zone). The study allows us to analyse the problem from all players' points of view and to analyse both its economic and environmental profitability within a real multi-city context. The paper is organised as follows: Section 2 presents the proposed eco-logistic model. Section 3 shows the used methodology while Section 4 reports the Pedemontana Veneta. It shows as a first step the research of the "on-site" data collection, while Section 5 reports as a second step the multi-scenario analysis for the economic and environmental profitability of the proposed model. Section 6 presents the conclusion. 
Urban Eco-Logistic Model Description
The traditional model for urban logistics typically has a distribution centre near the city centre where the products (perishable and non-perishable) are collected from the primary suppliers and then delivered to the retailers within the urban area (Figure 1 ). The effects of such an organisation are the following:
• vehicles used for high volume/weight are unsuitable for urban transportation • vehicle saturation can be low, especially when the number of customers in the same city centre is not high
• the number of vehicles moving within the city centre can be very high, as well as the number of vehicles that perform a delivery to the same retailer
• the total distance covered by all vehicles can be very high as an effect of the low transportation efficiency level.
All these conditions negatively affect the sustainability of urban logistics in terms of emissions, pollution, noise, vibrations and life quality. The new model for urban eco-logistics is designed to cover the last 50 miles of the journey to the final retailer and its structure is in Figure 2 . Its main features are the following:
• the last 50 miles of transportation are outsourced to a third party that implements a sustainable urban logistics using electric vehicles;
• the distribution network is composed of two stages: from the ELH to the Urban Transit Points (UTP) for each city and from each TP to the final retailers; there is a TP for each city close to the centre whereas the ELH is located in the barycentre of the area to be served;
• the number of the involved cities is more than one; they are all located in the same area with good connections. As mentioned in the literature review, several cities tried to adopt sustainable eco-logistic solutions. On the other hand, they implemented the so-called last mile delivery model, limiting the intervention area to a single urban area. The proposed model aims to implement a multi-city last 50 miles sustainable eco-logistic solution, overcoming the last mile delivery limitations. All the characteristics of the proposed approach are summarised in Table 2 , which further reports the basic differences, comparing the solutions applied in other European cities.
A fundamental condition necessary for the proposed solution is that all the involved actors (administrators, retailers, carriers, residents) could obtain a win-win result. Considering the last mile delivery approach, the main limitation is owed to carrier companies that are not available to outsource the last mile delivery to a third party. On the other hand, considering the proposed solution, the benefits achieved by retailers and freight carriers are greater. In fact, the outsourcing of the last 50 miles of transportation implies important cost saving for freight carriers as they can collect all deliveries for a large area (50 miles) from a unique point (ELH) with a substantial reduction in the travel distance. On the other hand, the possibility to include a greater number of retailers located in several cities allows the carriers to achieve important economies of scale in covering their fixed costs. Table 3 summarises the main benefits of implementing the last 50 miles sustainable eco-logistic solution for all the involved actors. Table 3 . Main benefits of implementing the proposed sustainable urban logistic model.
Player Benefits

Administrators
Reduction of pollution in the urban area and related health costs Reduction of street use and vibrations in historical buildings in the urban area and related maintenance costs Reduction of traffic congestion and noise in the urban area Improved liveability, with positive effect on tourism Positive effect on the administration's and city's image
Retailers
Reduction of the number of deliveries for day (maximum one per day) Time windows definition for deliveries to retailers according their constraints Increase in the offered services (storage, solid recyclable wastes and e-commerce goods collected through closed loop supply chain)
Freight carriers
Collection of the deliveries of a large area (50 miles) from a unique point (ELH) with a substantial reduction in the travelled distance Increased efficiency of picking activities in own warehouses and those of the transporters thanks to the centralisation of the deliveries in the ELH Residents Reduction of pollution, noise, vibration, traffic congestion in the urban area General improvement of liveability of the urban area
Economic and Environmental Sustainability of the Proposed Urban Eco-Logistic Model
The economic and environmental sustainability of the proposed model can be derived by using the following mathematical model.
The two main functions considered are:
Equation (1) quantifies the total profits and Equation (2) the total saving in terms of equivalent CO2 emitted in the atmosphere and connected with the use of electric vehicles instead of the traditional fuel-driven vehicles for the last mile distribution.
The yearly revenues in Equation (1) are evaluated according to the following equations: Equation (3) defines the revenue due to handling operations for the outsourced storing service, Equation (4) defines the revenue due to shipping service, Equation (5) defines the revenue for the outsourced storing service.
The yearly costs for the implementation and use of the eco-logistic system are as follows: Equation (6) defines the total rent cost for the warehouse building, Equation (7) defines the cost of labor, Equation (8) defines the cost of vehicles. M is divided by ρ′, the average density of the beverage products (that is typically 1000 kg/m 3 ) in order to obtain the average delivery volume for non-beverage products.
The number of operators employed in the warehouse activities (handling, loading/unloading) are defined in Equation (9) . Equation (10) reports the drivers of methane vehicles while Equation (11) reports the drivers of electric vehicles.
To compute Equation (2), the terms , are evaluated in Equations (12) and (13) on the basis of the Ecoinvent v.2.0 database [33] and the following equations:
Methodology
To develop the economic and environmental profitability analysis, using the proposed model reported in Section 2, the following two steps are defined:
Step 1: an "on field" research, conducted through a market survey comprising a dedicated questionnaire including qualitative and quantitative questions. The aim of the questionnaire is to collect the main variables to develop the economic and environmental profitability of the proposed urban eco-logistic model. This survey focused on:
-The quantitative analysis of the delivered products: Step 2: a multi-scenario approach varying all the design parameters. It is carried out to identify the boundary conditions that made the proposed urban eco-logistic model profitable from both the economic and the environmental perspective. This approach was adopted because of the variability of the parameters analysed in Step 1, as well as the uncertainty and dynamism of the goods distribution market in the urban areas.
Step 1: "On Field" Data Collection
The Pedemontana Veneta is an important highway, about 100 km long, designed to connect the industrial districts of Vicenza and Treviso in the north-east of Italy. It links up Montecchio Maggiore (Vicenza province) with Spresiano (Treviso province) through the industrial districts of Thiene-Schio, Bassano del Grappa and Treviso. The possibility of quickly connecting small cities has induced the transportation sector and the local authorities to review the urban logistics of the Pedemontana Veneta area, especially in the Vicenza province, where several small cities are located. In this context, a feasibility study applying the innovative "last 50 miles sustainable eco-logistic solution" is developed. Figure 3 details the Pedemontana Veneta highway, highlighting all the cities that are (or could be in the near future) involved in the urban logistic review.
Four different representative cities in the area, located along the Pedemontana Veneta highway, were investigated: Bassano del Grappa (urban population 70,000 inhabitants), Thiene (25,000 inhabitants), Schio (40,000 inhabitants.) and Valdagno (26,500 inhabitants). They represent the most important cities in terms of traffic flows, retailers and dimensions (Table 4) .
The ELH is located in a barycentre position [34, 35] and the UTP locations are in the urban proximity (last mile) of each city (see Figure 3) . Moreover, considering the future locations to be served (green points, i.e., new cities to be included) and the highway positions (A31 highway and Pedemontana Veneta), this decision is further reinforced. As defined in the previous section "on field" research has been developed using a questionnaire. The aim of the questionnaire is to collect the main variables to develop the economic and environmental profitability of the proposed urban eco-logistic model. About the urban retailer survey, 407 questionnaires were filled, covering about the 33.9% of the total statistical population of about 1200 retailers working within the considered urban areas. The main findings are as below. Figure 4 presents the retail sector distribution.
Figure 4.
Retail type distribution in the four cities. Figure 5 shows the incidence, per product sector, of the products sold in the city centres. Goods that do not require temperature controlled delivery (non-perishable products, long-life food and beverage) account for 87% of the total deliveries, while the total food sector occupies 55% of the market. These data are the results of the questionnaire survey. Finally, Table 5 reports some key survey findings for the eco-logistic distribution system in the Pedemontana Veneta case. 
Step 2: Multi-Scenario Analysis
A multi-scenario approach has been developed as the second step. Table 6 defines the context in which the problem is defined showing the values in accordance with the market. Table 7 shows the key design parameters and their potential range of variation, in accordance with what was collected in
Step 1 (Table 5 ). [1; 3; 5; 10; 15] [pallet] [4; 8; 12; 16; 20; 24; 28; 32] The main results of this analysis are shown in Figure 6 and depict the economic profitability of the proposed eco-logistic system. The profits (P) were analysed as a function of fixed delivery charge and the variable delivery charge , varying , given = 15 min, % = 1%, PT = 1 pallet, Table 5 .
The green area represents positive profits while the red area represents negative conditions. Considering the equilibrium case, = 0, the increasing of increases the feasibility range for the fixed and variable charges. For this case study, the four cities accounted for 1200 (see Table 4 ). The result was that feasible charges are, for example,
These values are in accordance with the freight distribution market of northern Italy. Considering the environmental impact of the eco-logistic system, and applying the model of Equation (2), the gas emission savings (measured in [kgCO2eq/year]) deriving from the adoption of electric vehicles for the last mile distribution are evaluated. Figure 8 shows varying . The environmental benefits are relevant and in the case of study condition ( = 1200), the emission savings are potentially over 168, 000 [kgCO2eq/year] . This level of CO2 saving corresponds to 84% of the actual annual CO2 emissions, demonstrating how the application of such a logistic model can radically change the environmental impact of urban distribution.
The economic sustainability of the proposed urban logistic model is strongly influenced by the number of points to be served (see the results reported in Figures 6-8 ) and the CO2 equivalent emission savings demonstrate how the application of such a logistic solution can improve the environmental impact of urban distribution. Considering the market costs of delivery charges, the breakeven amount of points to be served is about 1000 making the proposed model profitable. Moreover, the possibility of involving a wider area allows important scale economies, enforcing its economic and environmental impact. As a consequence, the local administrators and all the other involved key actors (retailers, carriers and warehouse companies) have to collaborate on overtaking the traditional single city logistics, towards the proposed multi-city logistcs concept. In this context, the main and most difficult change is the integration of several urban city areas in a unique distribution platform that need a unique integrated local legislation. The future steps of this research will reveal if the local politicians of such different but close cities will be able to reach this target. 
Conclusions
Because of the high population, lack of infrastructure and pollution problems, urban freight transport faces a lot of difficulties. For this reason, several EU cities have tried to implement eco-logistic solutions. Each of them uses a similar model with a single and large transportation hub, where the consolidated last mile deliveries are outsourced. This study's novelty is the implementation of a new eco-logistic solution able to integrate the distribution of goods in a cluster of linked small cities, where the last relevant part of transportation (the last 50 miles) is outsourced to a single centralised subject that performs green deliveries to urban areas. The distribution network is composed of two travel stages. The former is from the eco-logistic hub (located in a barycentric position) to the urban transit point of each city; the latter is from the transit point to the final retailer. The application of the proposed urban logistics is investigated through a feasibility study within the Pedemontana Veneta area (northern Italy), involving four different cities, i.e., Bassano del Grappa, Thiene, Schio, and Valdagno. The general outcomes are as follows:
• the proposed urban logistic model overcomes the limitation of the last mile sustainable urban logistics already applied in different EU cities, permitting the integration of several small cities and increasing the achievable benefits for traditional carriers;
• the economic sustainability of the proposed urban logistic model is strongly influenced by the number of points to be served; the possibility of involving a wider area allows important economies of scale, enforcing its profitability;
• the economic sustainability of the proposed urban logistic model is demonstrated by the analysis of the applicable charges; the values of charges that make it sustainable are aligned with the market costs of distribution; • the CO2 equivalent emission savings are about 84% in respect of the same distribution executed by diesel or methane vehicles; this demonstrates how the application of such a logistic model can improve the environmental impact of urban distribution.
On the other hand, there are some limitations in the proposed urban logistics model. It is based on a multi-city system. This model assumes a perfect collaboration between all the involved cities and their key actors (administrators, retailers, residents carriers and warehouse companies) in making a "sustainable urban area." In reality, this could be a slow process that needs different steps of integration, communication and objectives sharing. Secondly, in the economic sustainability analysis of the proposed eco-logistic model it has considered the investment in new facilities (considering the related annual costs) but not the investment of changing the system. Costs related to the initial integration, communication and collaboration of the different involved cities to ramp up the new system, even if difficult to compute, can not be negligible.
Future research steps are as follows:
• Step 1: the sensitising of the area administrators to the achievable results, highlighting how the proposed logistic model, economically sustainable with just four cities involved, can be applied to include other cities;
• Step 2: consensus among the involved administrations leading to the final design of urban distribution according to the proposed model.
